Abstract. The hybrid density functional B3LYP is employed to map the molecular electrostatic potentials on the surfaces of twenty normal alkanes, (C n H 2n+2 ), n = 1-20. It is shown that gas-phase heats of formation of the alkanes can be represented quantitatively in terms of the potential, where a general equation of the heat of formation is introduced as a function of potentials' extrema, V S,min and V S,max with average absolute error of 0.028 kcal/mol and a standard deviation of 0.048 kcal/mol. This should be viewed as a success of the B3LYP functional and the molecular surface electrostatic potential as tools of chemistry. The predicted gasphase heats of formation of thirty normal alkanes (n = 21-50) are reproduced and compared to their experimental counterparts when available.
Introduction
Several computational applications have been crucial to predict thermochemical properties of real and hypothetical systems, mainly where experimental data are lacked. [1] [2] [3] [4] [5] The system's standard heat of formation ∆ f H° is an example of such properties, where it has been under the focus of both chemists and physicists for different classes of organic compounds due to the property's role toward developing new energetic materials such as fuels and propellants. 6 The researchers have sought accurate computational approaches that may produce an average error of about 1 kcal. In this regard the semi empirical methods presented a well received compromise between the accuracy of the calculated ∆ f H° and the computations' costs. Then number of computational approaches at a fairly high level of accuracy is developed to produce gas-phase standard heats of formation, ∆ f H°g as . [7] [8] [9] [10] [11] Politzer et al suggests a direct approach of density functional theory, DFT that is based upon calculating ∆ f H for the formation of the molecules from its elements. 7 Kemeny et al used high level ab-initio at the coupled cluster FFSD(T) level with augmented correlation-consistent basis sets extrapolated to the complete basis set limit to study ∆ f H of phosphorus nitride. 8 Cioslowski et al used atomic equivalents, bond density functions, and corrections for molecular charge and spin multiplicity to convert B3LYP based energies to ∆ f H . 9, 12 This approach calculated reasonable ∆ f H for a wide range of molecules and ions with a standard deviation of a 5.84 kcal/mol. Guthrie applied B3LYP functional to calculate the total molecular energy and then converted it to analogous ∆ f H using various new parameterization schemes. The scheme of Ibrahim and Schleyer relied on the impact of the atoms attached to the central atom in the molecule produced an average error of 2 kcal/mol for the molecules employed. 13 Redfern et al concluded that the G3 enthalpies of formation of the n-alkanes deviate with experiment by less than 2 kcal/mol and pointed out to a small accumulation of error that increases the deviation with chain length. 10 For a set of 62 compounds an atom equivalents scheme with 11 parameters was described by Yala to convert ab-initio based energies to ∆ f H with a deviation of 1.80 kcal/mol.
14 Similarly, Allinger and others showed that for various families of compounds including alkanes a bond contributions scheme can be used to convert ab-initio energies into heats of formation with good accuracy. 15 An assessment of B3LYP functional in its application to alkane concluded that simple conversion of the functional energies to heats of formation gives good results for alkanes of only 1-3 carbons but gives increasingly poor results for larger ones such as in case of hexadecane where the deviation is -30.3 kcal/mol. 10 Most recently, Hu and others combined an algorithm of quantum mechanical calculations and neural-network correction to evaluate ∆ f H for 180 small to medium sized organic molecules at 298 K. Their achievement at B3LYP/6-311+G(d,p) level was noticeable. 1 For the last thirty years the molecular surface electrostatic potential, MSEP has been successfully employed as a tool of studying physics and chemistry, variety of molecular properties can be expressed analytically in terms of some statistically defined quantities that feature the MSEP map. 16 Such properties include boiling points, critical constants, heats of vaporization, sublimation and fusion, free energies of solvation, solubilities of different components, partition coefficients, and surface tensions. [17] [18] [19] The electrostatic potential V(r) as defined by eq. (1) is produced in the space around a molecule by its nuclei and electrons.
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Z A is the charge on nucleus A that is located at distance R A and ρ(r) is the electronic density function that can be defined in terms of a specific contour. The overall sign of the produced potential anywhere in the molecular vicinity depends upon the role's extent of either the nuclei or the electrons.
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The most negative and most positive values of V(r) are sites-specific in the total threedimensional space of the molecule quantities designated respectively V S,min and V S,max . Introducing quantitative relationships and developing analytical expressions that involve one or both the quantities is becoming a broad field of research in condensed-phase systems . 29 The objective of this work is to correlate the experimentally determined ∆ f H°g as of the normal alkanes of interest with the numerical values of V S,min and / or V S,max on the MSEP calculated by the DFT functional B3LYP. The ultimate achievement would include introducing a new empirical equation for ∆ f H°g as of normal alkanes as a function of the molecules potentials' extrema.
A great deal of interest has been shown in applications similar to the current one where the calculations of MSEP have been employed as an indicator or predictor of the molecular behavior. Such studies, for example, included correlations between theoretical and experimental determination of heat of formation of certain aliphatic nitro compounds, and correlation of boiling points of compounds with the 3/4 power of the polarizabilities of the outer atoms, where polaraizability relates to both molecular surface area and volume .
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Experimental
Methods and Procedure
The optimized geometries of twenty different n-alkanes listed in Table 1 were computed at the density functional B3LYP and 6-31G** basis set using Gaussian 98 package . 25 The produced wave functions were used to calculate the B3LYP/6-31++G** electron densities and electrostatic potentials, V(r) as given in eq. (1). We choose a contour of ρ(r) = 0.001 au to be the molecular surface, where Bader et al showed that this contour for a group of hydrocarbons encompasses more than 97% of the total electronic charge of the system. 26 The experimentally predetermined ∆ f H°g as of the listed alkanes are linearly correlated with the computed potentials' V S,min and / or V S,max on the MSEP using SPSS statistical software.
34 As a comment on the level of theory employed in this work, the trends in the characterization of the surface potentials in terms of their minima and maxima should be qualitatively reasonably independent of the computational level of theory; although not the numerical coefficients.
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Results and Discussion
In Table 1 Table 2 lists the predicted values of ∆ f H°g as for n-alkanes, where n = 21-50, and compared with the experimental counterparts when available. 
Conclusion
The extrema of electrostatic potential mapped on the molecular surfaces of normal alkanes can work as a function of the gas-phase heat of formation. The property correlated linearly to the potential's minima and maxima, along with the number of carbons in the alkane. The introduced function can be employed to predict ∆ f H°g as for any alkane with very small deviation.
